Cereal crops and cereal consumption have had a vital role in Mankind's history. In the recent years gluten ingestion has been linked with a range of clinical disorders. Gluten-related disorders have gradually emerged as an epidemiologically relevant phenomenon with an estimated global prevalence around 5%. Celiac disease, wheat allergy and non-celiac gluten sensitivity represent different gluten-related disorders. Similar clinical manifestations can be observed in these disorders, yet there are peculiar pathogenetic pathways involved in their development. Celiac disease and wheat allergy have been extensively studied, while non-celiac gluten sensitivity is a relatively novel clinical entity, believed to be closely related to other gastrointestinal functional syndromes. The diagnosis of celiac disease and wheat allergy is based on a combination of findings from the patient's clinical history and specific tests, including serology and duodenal biopsies in case of celiac disease, or laboratory and functional assays for wheat allergy. On the other hand, non-celiac gluten sensitivity is still mainly a diagnosis of exclusion, in the absence of clear-cut diagnostic criteria. A multimodal pragmatic approach combining findings from the clinical history, symptoms, serological and histological tests is required in order to reach an accurate diagnosis. A thorough knowledge of the differences and overlap in clinical presentation among gluten-related disorders, and between them and other gastrointestinal disorders, will help clinicians in the 
INTRODUCTION
Cereal crops and cereal consumption have had a vital role in the history of Mankind but in the recent years gluten ingestion has been found linked with a wide range of clinical disorders. Gluten-containing cereals, such as wheat, rye and barley, have always been a main component of people's diet in Western countries, but their consumption is increasing in Eastern countries as well, owing to the progressive adoption of Western lifestyles. In this context, gluten-related disorders have gradually emerged as an epidemiologically relevant phenomenon with a global prevalence that is estimated around 5% [1] [2] [3] [4] , drawing the attention of the scientific community. Surveys conducted among the general population confirm that increasing numbers of consumers worldwide avoid gluten-containing food, irrespective of the presence of a known illness or allergy [5, 6] . Switching to a gluten-free diet (GFD) is often viewed as a lifestyle change rather than a proper dietary treatment. Accordingly, the market for gluten-free products is constantly growing, with the latest European reports estimating a compound annual growth rate of 10.4% between 2014 to 2019 [7] . Different mechanisms are involved in the pathogenesis of gluten-related disorders. Gluten is the main structural protein of wheat, composed of two main fractions depending on their solubility in aqueous alcohols: the monomeric soluble gliadins (classified according to their primary structures into alpha/beta, gamma and omega types) and the poorly soluble glutenins, which are divided into high-molecularweight (HMW) and low-molecular-weight (LMW) subunits [8] . Homologous proteins have been found in rye and barley. In celiac disease (CD) a T-cell mediated autoimmune reaction is triggered by gluten-derived peptides [9] . The autoimmune inflammatory cascade is localised in the small bowel, where it leads to the classical enteropathy and malabsorption syndrome. Among the gluten-related disorders CD is the best known one to date: patients' genetic predisposition, the association with other autoimmune disorders, CD complications have all been extensively studied.
Wheat allergy (WA) represents another type of adverse immunologic reaction to proteins contained in wheat and related grains, with different clinical presentations depending on the route of exposure. In this setting, Immunoglobulin E (IgE) antibodies mediate the inflammatory response to several allergenic proteins [alpha-amylase/trypsin inhibitor, non-specific lipid transfer protein (nsLTP), gliadins, HMW glutenins] [10] .
A third type of symptomatic responses to gluten ingestion is the so-called Non-Celiac Gluten Sensitivity (NCGS). Patients affected by NCGS usually report a wide range of intestinal and extra-intestinal symptoms arising shortly after the ingestion of gluten-containing food in the absence of CD or WA [1, 10] . Although the pathogenetic mechanisms leading to the onset of NGCS are far from being clearly understood, the current opinion is that there is a non-autoimmune non-allergic process [11] . To date, a complete definitive diagnostic flowchart for gluten-related disorders has yet to be established.
GLUTEN RELATED DISORDERS IN

ADULTS
Celiac disease
Epidemiological studies estimate a worldwide prevalence of CD of approximately 1:100 individuals, with a considerable proportion of patients remaining undiagnosed and untreated [12, 13] . The ingestion of gluten in genetically predisposed individuals carrying HLA type Ⅱ DQ2/DQ8 alleles can arouse a T-cell mediated immune reaction against tissue transglutaminase, an enzyme of the extracellular matrix, leading to mucosal damage and eventually to intestinal villous atrophy [14, 15] . Gliadins are supposed to be the active fractions of gluten; in fact, they content the immunogenic peptides (especially the 33mer) and are able to exert a direct cytotoxic effect on the cell [16, 17] . The clinical manifestations of CD are heterogeneous and range from the so-called "classical" syndrome with diarrhea, weight loss and malnutrition, to selective malabsorption of micronutrients (iron, vitamin B12, calcium). Non-classical features include irritable-bowel-type symptoms, hypertransaminasemia, cerebellar ataxia and peripheral neuropathy [18] . In the past, most patients diagnosed with CD were children with severe organic manifestations, but in more recent years there has been an increase in diagnosis of adults and paucisymptomatic patients [10] . CD can be associated with other disorders, such as autoimmune diseases in 25% of CD patients (type-Ⅰ diabetes in 3% of cases, autoimmune thyroiditis in 10%, autoimmune hepatitis in less than 1% etc.), less frequently infertility and dermatitis herpetiformis [9] . The history of CD can be rarely complicated by refractory celiac disease or malignancies including lymphoproliferative disorders and carcinoma of the small bowel [19] [20] [21] [22] [23] [24] . To date, the only available therapy for CD is a lifelong GFD [18, 25] . The adherence to a restrictive GFD leads to the resolution of symptoms and to the gradual healing of histological abnormalities [26] even if the complete recovery of the intestinal mucosa is rare and low-grade mucosal inflammation seems to persist in many treated celiac patients as shown by followup duodenal biopsies [27] . However, there is strong interest among both patients and physicians in the development of alternative treatments for CD, with the aim of achieving mucosal healing and symptoms resolution in those patients with incomplete response or inadequate compliance to the GFD [28] . Many options are currently under investigation through clinical trials, including oral proteases, zonulin-inhibitors, glutenbinding agents and desensitization strategies [17, 29] . The diagnosis of CD is classically based on a combination of findings from a patient's clinical history, serologic testing and gastroscopy by means of duodenal biopsies. Even in the absence of clinical symptoms, the screening for CD should be considered among the first-degree relatives of celiac patients, patients with type-Ⅰ diabetes mellitus and patients with Down's syndrome, given the high prevalence of CD in these and other at risk groups [12, 18, 30] . Due to the low costs and high reproducibility, the preferred serologic test for the detection of CD in subjects above 2 years of age is the anti-transglutaminase IgA antibody (TTG), which shows a specificity and sensibility of around 95% [31] . TTG test has a wide diffusion as enzyme linked immunosorbent assay or radioimmunoassay commercial kits and gained an important efficiency since the introduction of human recombinant substrates. The anti-endomysium antibody (EMA) has a higher specificity (around 99%) and can be used as a confirmatory test in cases of uncertain diagnosis in high-risk populations [32] .
However, EMA test is expensive (monkey esophagus or human umbilical cord are used as substrates) and operator dependent due to the interpretation of immunofluorescent pattern [32] . Deamidated gliadin peptide (DGP) IgA and IgG, substituting the anti gliadin antibodies, are used in combination with TTG IgA in children who are less than 2 years old [33] .
Multiple biopsies of the duodenum (at least four) are recommended as a critical component of the diagnostic evaluation and represent the gold standard in adults. CD damage in the duodenal mucosa is not uniformly distributed so multiple biopsies are necessary to reduce the probability of false negative results [34] . The signs of gluten-related enteropathy out of duodenal biopsy range from an increase in the intraepithelial lymphocytes to villous atrophy, as staged by Marsh et al [14] and successively by Oberhuber et al [35] .
However, the lymphocytic infiltration of the intestinal epithelium in the absence of villous atrophy (Marsh 1) is considered a non-specific finding, warranting further investigations [36] . In view of its high negative predictive value, the genetic testing for HLA DQ2/DQ8 is suggested in order to rule out CD in select clinical situations, as in the cases of patients at high risk of CD but already on GFD (as mentioned above), equivocal histologic findings in seronegative patients, or discrepancies between histology and serology [18] . Given that around 95% celiac patients carry the HLA-DQ2 heterodimer and the remaining 5% are HLA DQ8 carriers, a negative HLA genotyping can effectively exclude the presence of CD [37] [38] [39] .
In fact the diagnosis of CD is not always clearcut: the available international guidelines suggest some strategies to achieve the correct diagnosis in particular cases. It is recommended to rule out IgA deficiency, a condition which is present in up to 2% celiac patients and leads to false negative results; in those cases TTG IgG should be tested [40] . Moreover, other causes of villous atrophy, such as common variable immunodeficiency, autoimmune and chronic inflammatory disorders, drugs and neoplasia, Giardiasis have to be excluded in all patients with particular attention in case of negative serology [41, 42] . It is recommended to assess serology and duodenal histology while the patient is still on a gluten-containing diet [18] . Patients with suspected but unproven CD who are already on a GFD at the time of referral, may not show histologic changes or antibody titers consistent with CD due to the improvement of the standard diagnostic tests caused by the GFD itself [43] . In order to diagnose CD accurately, such individuals should be tested for the presence of HLA DQ2/DQ8 and, if positive, gluten should be reintroduced under medical supervision via the socalled "gluten challenge" before planning any serologic testing and duodenal biopsies [43] . Still unclear are: what daily intake of gluten is adequate and how long the gluten challenge should last in order to achieve a correct diagnosis. For a long time, the guidelines have recommended to prescribe 10 grams of gluten per day for a duration of 6-8 wk [44] . However, some recent studies have showed that lower doses of gluten over shorter periods (3 g per day for 2 wk) determine diagnostic changes in histology and/or serology in up to 90% subjects [43] . The new proposed low-dose 14 d long gluten challenge has shown higher compliance and tolerability. The added diagnostic sensitivity of extending the low-dose challenge from 2 to 8 wk is yet to be known.
Wheat allergy
Depending on the route of allergen exposure, WA is classified into occupational asthma (baker's asthma) and rhinitis; food allergy (FA), affecting the skin, the gastrointestinal tract or the respiratory tract; wheatdependent exercise-induced anaphylaxis (WDEIA) and contact urticaria. Ingested wheat can cause IgEmediated wheat allergies in both children and adults.
Although the sensitization to wheat assessed by serum IgE is more prevalent in adults, WA shows greater prevalence in children [45, 46] . Immediate wheat allergy is mainly seen in children who commonly outgrow it by school-age, the same as with egg or milk allergy [47, 48] . The majority of wheat allergic children suffer from moderate-to-severe atopic dermatitis and wheat ingestion may elicit typical IgE mediated reactions, including urticaria, angioedema, bronchial obstruction, nausea and abdominal pain, or in severe cases systemic anaphylaxis [47] . In adults FA to ingested wheat is infrequent: the most common variant in adults is the WDEIA, where symptoms result from the combination of causative food intake and physical exercise (as well as non-steroidal anti-inflammatory drugs or alcohol). In adults, FA gastrointestinal symptoms could be mild and difficult to recognize, the most common are diarrhea and bloating.
Known since the times of the Roman Empire, baker' s asthma and rhinitis are well-characterized allergic responses to the inhalation of wheat flours, affecting up to 10%-15% bakers, millers and pastry factory workers [49] . Some patients may develop symptoms also after eating meals contaminated by uncooked wheat flour, otherwise no problems are usually reported after the ingestion of cooked wheat [50] . Many allergenic proteins are involved in WA [51] . The diagnosis of WA is classically based on skin prick tests (SPT), in vitro specific Immunoglobulin E (sIgE) assays and functional assays. SPTs and sIgE in vitro assays are the first-level diagnostics for WA. However, they are affected by a low predictive value. In particular, their low sensitivity can be explained by the fact that the commercial test reagents are mixtures of water/salt-soluble wheat proteins that lack allergens from the insoluble gluten fraction. In addition, some authors have showed that commercial wheat flour SPT solutions differ in protein content showing that the improvement and standardization of SPT for wheat is highly recommended [53] . SIgE in vitro assays are more sensitive (about 75%-80%) than SPT but less specific (about 60%), mainly due to the cross-reactivity with grass pollens [54] . The identification of molecular allergens for laboratory methods has profoundly changed the diagnostic approach to allergic diseases in the recent years. Molecular-based allergy (MA) diagnostics could overcome some limitations of sIgE in vitro assays using wheat flour extracts. Unfortunately, until now only omega-5 gliadin (Tri a 19) and nsLTP (Tri a 14) are available in the ImmunoCAP™ assay, whereas the alpha-amylase/trypsin inhibitor (Tri a aA/ TI) is available only in the microarray ISAC™ assay. The sIgE to omega-5 gliadin assay is highly reliable and now widely used to identify the patients with WDEIA [55] . However, the test is estimated to miss approximately 20% cases [55] . On the other hand, the sIgE to alpha-amylase/trypsin and sIgE to nsLTP inhibitors have resulted useful for both the diagnosis of FA and baker's asthma [56] . If SPT and the sIgE assays with flour extracts or molecular allergens are inconclusive, functional assays are required. [57, 58] . Although BAT is more expensive and technically challenging compared to conventional in vitro tests, its use has been gradually increasing in clinical practice.
In conclusion, WA is not easily diagnosed with conventional SPT or sIgE assays using wheat flour extracts, since their diagnostic predictivity is unsatisfactory. Challenge tests remain the gold standard for WA diagnosis, but they are cumbersome and potentially dangerous. MA diagnostics and BAT represent new useful tools for the in vitro diagnosis of WA and in some cases may effectively replace the in-vivo functional tests.
Non celiac gluten sensitivity
"Non-celiac gluten sensitivity" is the proposed definition for the condition in which gastrointestinal and extra-intestinal symptoms are triggered by gluten consumption, in the absence of celiac-specific antibodies and villous atrophy as well as of any allergy related processes [1] . The earliest descriptions of sensitivity to gluten appeared in the literature during the 1980's [59] . Nowadays, the overall prevalence of the condition is difficult to estimate. According to a study performed by the National Health and Nutrition Examination Survey in the United States, the prevalence of self-prescribed GFD in an unselected population of subjects aged 6 years or older was 0.5% [60] . The self-reported prevalence of NCGS was 13% in a United Kingdom population questionnairebased survey, with less than 1% subjects having a medical diagnosis of the condition [5] . When explored in a selected setting of patients affected by irritable bowel syndrome (IBS), the prevalence of GS, as proved through a double-blind placebo-controlled challenge, was up to 28% [61] . Even in the absence of identified risk factors, the condition seems to be associated with the female gender and young/middle age [3, 5, 60] . The clinical presentation of NCGS includes gastrointestinal symptoms, such as abdominal pain, bloating and altered bowel habit, and systemic symptoms, such as fatigue, headache, bone or joint pain, mood disorders and skin manifestations (e.g. eczema or rash) [1, 3, 62] . Symptoms usually closely follow the consumption of gluten and disappear after gluten withdrawal.
Contrary to CD and wheat allergy, there are no clear serologic or histopathologic criteria for clinicians to confirm the diagnosis of NCGS. The accurately CD detecting antibodies, namely TTG and EMA IgA, are constantly negative in NCGS. However, the presence of antigliadin IgG has been reported in up to 50% patients, while antigliadin IgA antibodies rarely occur (7%) [3, 63, 64] . As far as any intestinal damage is concerned, an increase in the number of lymphocytes infiltrating the epithelium has been described in a subset of NCGS patients [64] . The frequency of NCGS is higher in first-degree relatives of celiac patients and HLA-DQ2 and DQ8 genotypes are observed in 50% NCGS patients, which finding is mildly elevated in comparison with the general population [62] . To date, NCGS is mainly a "diagnosis of exclusion" made after other wheat-related and non-wheat-related disorders have been ruled out. In fact, NCGS has often been described as an IBS-like entity, given the apparently functional nature of both syndromes and the evident overlap of symptoms [65] . Moreover, it has been observed that both patients with self-reported NCGS and IBS improve after the dietary reduction of FODMAPs (fermentable, oligo-, di-, monosaccharides, and polyols) [66] and that IBS patients, especially those with the IBS-D (diarrhea) subtype, benefit from a GFD [67] . The recent evidence about the efficacy of a low-FODMAPs diet in this subsets of patients suggests the hypothesis that some components of wheat other than gluten may be responsible for triggering symptoms [68, 69] . In fact, oligosaccharides like fructans, contained in wheat and related grains, have been proven able to exert an osmotic effect in the intestinal lumen and increase gas production from bacterial fermentation [70, 71] . Other plant proteins contained in wheat, such as lectins, agglutinins and amylasetrypsin inhibitors, may have a role in the development of symptoms after the ingestion of cereals by triggering the innate immune response [72] [73] [74] . For these reasons, and given the scattered data regarding the pathogenesis of NCGS, it has been suggested that the "non-celiac wheat sensitivity" definition may be more appropriate [75, 76] . In a recent study by Biesiekierski et al [77] the concept of NCGS as a syndrome has been questioned. In that study, patients with self-reported NCGS on a GFD showed further improvement when placed on a low FODMAP diet and blinded gluten re-introduction led to no specific or dose-dependent effect. However, in those patients the reintroduction of both gluten and whey protein probably had a nocebo effect similar in all groups, which might have concealed the true effect of gluten/wheat re-introduction. A more appropriate standard for the confirmation of NCGS would be an elimination diet followed by double-blind placebo-controlled gluten challenge [62] . This method can be particularly useful in order to differentiate NCGS from IBS [61] . Recently Kabbani et al [78] have proposed a diagnostic algorithm based on the combination of absence or presence of various clinical, serologic and histological markers with the purpose of identifying NCGS and distinguishing it from CD. This algorithm may prove a useful tool in clinical practice because it provides suggestions for the effective evaluation of patients with gluten-related symptoms already undertaking a GFD, for whom the exclusion of CD and confirmation of NCGS may be a cumbersome task [78] . According to this algorithm, a negative HLA-DQ2 and DQ8 genotype can be useful to rule out CD even in the absence of serology [5] , although this would only exclude half the patients with NCGS: in such a case a gluten challenge followed by serology and duodenal biopsies is warranted [78] . In patients with suspected NCGS, a short-term low-dose gluten challenge as discussed above can turn out to be a more suitable pragmatic approach than the traditional 8 wk long approach [43] . It has been calculated that the application of this diagnostic approach in secondarycare gastrointestinal practice would result in the identification of CD in 7% patients referred for suspected NCGS, while the remaining 93% would receive the confirmation of NCGS [5] . Nowadays, due to the absence of any reliable biomarker for NCGS diagnosis, a double-blind placebocontrolled gluten challenge could be considered a possible gold standard to compare other algorithms or markers.
GLUTEN RELATED DISORDERS IN
CHILDHOOD
Celiac disease
The diagnostic pathway of CD in children has been recently modified by the Guidelines of the European Society of Pediatric Gastroenterology and Nutrition [33] .
The clinical suspicion of CD should be raised in children with unexplained chronic gastrointestinal symptoms, as well as extraintestinal manifestations such as growth retardation, iron deficiency anemia, weight loss, chronic fatigue, delayed puberty, amenorrhea, recurring bone fractures or alterations of liver function tests. Children and adolescents with Down's syndrome, Turner's syndrome, Williams syndrome, IgA deficiency, autoimmune thyroiditis, type-1 diabetes, or autoimmune disorders of the liver, first-degree relatives of celiac patients, should also be given blood tests for the diagnosis of CD [18, 33] . The serological tests used in children older than 2 years are TTG and EMA [33] . The combination of TTG and DGP, however, shows a better performance in younger children [79] . Only in the case of primary or secondary IgA deficiency, additional testing with IgG antibodies is recommended (TTG IgG, DGP IgG, EMA IgG) [80] . In the case of positive serology, the current guidelines suggest to follow two different paths for the diagnostic confirmation. In the presence of clinical symptoms, TTG antibody levels at least 10 times higher than the cut-off and positive EMA, the diagnosis of CD can be established by the documentation of HLA compatibility and clinical remission after 6 mo on GFD. If these criteria are not met, similarly as in adult patients, an upper endoscopy with duodenal biopsies should be performed to confirm the presence of histological signs of enteropathy [33] .
Non celiac gluten sensitivity
The literature on NCGS in children is scarce. Two studies, both published in 2012 by Tanpowpong et al [81] deal with gluten avoidance in children in New Zealand [6, 81] . In the first study, the prevalence of gluten avoidance in a cohort of children was reported to be five time higher than that of actual CD (5% vs 1%) [6] . In the second one, several clinical features such as irritability, poor temper, diarrhea, weight issues, pervasive developmental disorder and family history of CD were found to be independent predictors of gluten avoidance [81] . The relationship between autism and gluten has also been broadly studied, with a single double-blind cross-over study not demonstrating any GFD benefit in autistic children who were not affected by CD [82] . To date, the only paper dealing with the subject of NCGS in children advises to evaluate symptomatic children, tested negative for CD and WA, for NCGS [83] . The suggested approach is similar to the adults, recommending a gluten challenge after at least 8 wk on GFD [83] . Due to the lack of evidence, however, no guidelines are available on NCGS in children.
Wheat allergy
Epidemiological studies report a prevalence of WA in children of around 0.4% [84] . A United States study estimated the resolution rates of pediatric wheat allergy at: 29% by the age of 4 years, 56% by the age of 8% and 65% by the age of 12 [48] . The guidelines published in 2010 by the American National Institute of Allergy and Infectious Disease recommend that food allergies including WA should be considered in those individuals presenting with anaphylaxis or a combination of clinical symptoms occurring within minutes to hours after ingesting food, especially in young children or if it is the second episode after the ingestion of specific food. A SPT enables the identification of food categories responsible for triggering IgE-mediated allergic reactions, but a positive SPT alone cannot be considered diagnostic [85] . Similarly, the sole presence of allergen-specific IgE in the serum is not sufficient to confirm the diagnosis of WA. The reference standard for the diagnosis of food allergies is the double-blind placebo-controlled food challenge (as for NCGS). However, a single-blind or an open-food challenge may be considered diagnostic if the challenge elicits objective symptoms, according to the patient's medical history and with support from laboratory tests [85] .
CONCLUSION
Gluten-related disorders are emerging as a relevant clinical entity along with the increasing popularity of the GFD. An expanding body of evidence sustains the on-going debate on the appropriateness of gluten elimination from the diet in the absence of CD or WA. A thorough knowledge of the differences and overlap in clinical presentations among glutenrelated disorders, and between them and other gastrointestinal disorders, can help clinicians in the process of differential diagnosis following a correct flowchart (Figure 1) . A multimodal pragmatic approach combining the findings from the clinical history, symptoms, serological and histological tests (Table  1) is strongly required in order to reach an accurate diagnosis. 
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